Porebski G, Woźniak M, Czarnobilska E. Residential proximity to major roadways is associated with increased prevalence of allergic respiratory symptoms in children. Ann Agric Environ Med. 2014; 21(4): 760-766. doi: 10.5604/12321966.1129929 Abstract Introduction and Objective. Numerous epidemiologic studies have reported increased risk of allergic rhinitis and asthma in relation to 'western life-style', which represents diversity of factors. We hypothesized that residential proximity to major roadways, reflecting an exposure to traffic-related air pollution, is associated with prevalence of allergic respiratory symptoms in children. Materials and Methods. A total of 8290 individuals of two age groups: 16 year olds and 7 year olds from Krakow, Poland were included. We used the Polish version of the International Study of Asthma and Allergy in Childhood supplemented with a question concerning the distance between a responder's house and a high traffic density road: below 200 m, from 200-500 m, or more than 500 m. Results. Children and adolescents with a residential proximity closer to a major roadway had more frequent asthma-related symptoms in the last 12 months and at any time in the past. Consistent with the increased frequency of asthmatic symptoms, responders residing within 200 meters complained more often of sneezing, runny or blocked nose accompanied by itchywatery eyes and hay fever in comparison to responders who resided 200-500 meters from a major roadway. The lowest rate of nasal symptoms was observed in residents living in the distance to major roads (> 500 meters). The rate of positive answers decreased in a distant-dependent manner. Conclusions. Our findings suggest an important spatial relationship between the distance from a major roadway and the evaluated respiratory symptoms. The results emphasize the need for more comprehensive air quality policies within urban areas with increased motor vehicle density.
INTRODUCTION
Allergic respiratory diseases, bronchial asthma and allergic rhinitis, constitute one of the most prevalent childhood illnesses, therefore they are considered as crucial for public health. Their prevalence in developed countries has been increasing substantially over the past decades and has stabilized at the high level according to recent reports [1, 2] .
Numerous epidemiologic studies have reported increased risk of allergic rhinitis and asthma in relation to such factors as urbanization, changes in life style including eating habits and higher standards of personal hygiene, progress in the treatment and prophylaxis of infectious diseases, particularly in industrialized countries. These evidences come mostly from studies comparing urban and rural populations [3, 4] . Also, some other environmental factors were reported to affect an allergic immune response: lead and mercury induce oligoclonal T cell responses skewed toward type-2 reactivities [5] , and endotoxins can be capable of acting as an adjuvants facilitating the initial sensitization to pollen allergens [6] . Several further studies have shown association between a burden of allergic diseases and ambient air pollution exposure measured as nitrogen dioxide [7] , particulate matter [7, 8] or ozone [9] , but others did not find such associations [10, 11] . These inconsistencies may be a result of differences in study design, as well as in methods for assessment of exposures and outcomes. Nevertheless convincing experimental evidence obtained in animals and human volunteers demonstrate a role of traffic-related air pollution in the development of allergic respiratory diseases by eliciting inflammatory reactions in the airways and enhancing immunologic responses to allergens [12, 13, 14] . A majority of the surveys focused on associations between traffic-related air pollutants and the development of asthma symptoms in children [6, 15] , but possible association with the common co-morbid condition, namely allergic rhinitis has not been often studied. Finally, children are particularly susceptible to air pollution, because they generally breathe more air per kilogram of body weight than adults, and also they are usually more active outdoor.
OBJECTIVES
We hypothesized that closer residential proximity to a major roadway, reflecting an exposure to traffic-related air pollution, would be associated with an increased prevalence of allergic respiratory symptoms. Therefore, the objective of our study was to assess if the frequency of positive answers to standardized questions about symptoms of bronchial asthma and allergic rhinitis was determined by the distance between responders' houses and a high traffic density road. Furthermore, we compared two groups differing in agechildren and adolescents, to analyze influence of age on the rates of symptoms.
MATERIAL AND METHODS
A total of 8290 individuals were recruited from all public schools in Krakow, Poland. The study sample included all schoolchildren of two age groups: 16 year olds (4209 individuals) and 7 year olds (4081 individuals). Questionnaire assessments were used following the methodology proposed by the International Study of Asthma and Allergy in Childhood -ISAAC [16] . The Polish version of the ISAAC questionnaire was supplemented with a question concerning the distance between a responder's house and a high traffic density road, and the accepted limits were: below 200 m, from 200-500 m, more than 500 m. The group of patients in age of 16 filled in the questionnaire by themselves, whereas the questionnaire for the group of patients in age of 7 was answered by their caregivers. The answers to the following questions regarding asthmatic (A) and nasal (R) symptoms were used for the further analysis: A1. Have you ever had wheezing or whistling in the chest at any time in the past?; A2. Have you had wheezing or whistling in the chest in the last 12 months?; A3. In the last 12 months, has wheezing ever been severe enough to limit your speech to only one or two words at a time between breaths?; A4. Have you ever had asthma? A5. In the last 12 months, has your chest sounded wheezy during or after exercise?; A6. In the last 12 months, have you had a dry cough at night, apart from a cough associated with a cold or a chest infection?; R1. Have you ever had a problem with sneezing, or a runny, or a blocked nose when you did not have a cold or the flu?; R2. In the past 12 months, have you had a problem with sneezing, or a runny, or a blocked nose when you did not have a cold or the flu?; R3. In the past 12 months, has this nose problem been accompanied by itchy-watery eyes?; R4. Have you ever had hay fever?
The hypothesis about the influence of the distance between a place of residence and a major roadway on the frequency of symptoms was verified using chi-square test for trend with GraphPrism, version 6 (GraphPad Software, Inc. La Jolla, USA). Further comparisons were made between group of responders living <200m versus 200-500m from a major roadway and subsequently between group of responders living <200m versus >500m from a major roadway. Results were presented as odds ratios (OR) with 95% confidence intervals (CI) for a "yes" answer to the consecutive questions. Chi-square tests were used for other analyses. Significance was defined as a 0.05 using two-tailed tests. Data were analyzed with Statistica, version 10 (StatSoft, Inc., Tulsa, USA). The study protocol was approved by the Bioethics Committee of the Jagiellonian University.
RESULTS
In total, 44.8% of children aged 7 years 45.7% of adolescents aged 16 years enrolled in the study resided within 200 meters of a major roadway (the group "<200m"). 34.1% of children and 35.1% of adolescents were living in the distance 200-500 meters (the group "200-500m"). Finally, remaining 21.1% of children and 19.2% of adolescents were residing more than 500 meters from a major roadway (the group ">500m") (Tab.1). The percentage of residents did not differ significantly between 7 years old and 16 years old responders in any of 3 considered distances. The proportions of gender were almost equal both in the studied population in total and in the subgroups, and ranged from 0.9 to 1.2 (Tab.1).
The questions about asthmatics symptoms at any time in the past
The positive answer to the question about wheezing or whistling in the chest ever in the past (A1) was given by 30% of children and 15% of adolescents in the group "<200m", followed by 22% of children and 11% of adolescents in the group "200-500m", and respectively by 16% and 10% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway ( Fig. 1) . Altogether, 24% of children versus 13% of adolescents answered chose an answer "yes" to the question A1 (p<0.05). The positive answer to the question about asthma ever in the past (A4) was given by 8% of children and 6% of adolescents in the group "<200m", followed by 7% of children and 4% of adolescents in the group "200-500m", and respectively by 4% and 4% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 1) . Altogether, 7% of children versus 5% of adolescents answered "yes" to the question A4 (p<0.05).
The questions about asthmatic symptoms in the last 12 months
The positive answer to the question about wheezing or whistling in the chest in the last 12 months (A2) was given by 18% of children and 8% of adolescents in the group "<200m", followed by 12% of children and 5% of adolescents in the group "200-500m", and respectively by 8% and 5% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 2.) . Altogether, 14% of children versus 6% of adolescents chose an answer "yes" to the question A2 (p<0.05). The positive answer to the question about wheezing limiting a speech in the last 12 months (A3) was given by 4% of children and 3% of adolescents in the group "<200m", followed by 2% of children and 1% of adolescents in the group "200-500m", and respectively by 1% and 1% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 2) . Altogether, 3% of children versus 2% of adolescents chose an answer "yes" to the question A3 (p<0.05). The positive answer to the question about wheezing during or after exercise in the last 12 months (A5) was given by 8% of children and 7% of adolescents in the group "<200m", followed by 5% of children and 5% of adolescents in the group "200-500m", and respectively by 3% and 4% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 2) . Altogether, 6% of children versus 6% of adolescents chose an answer "yes" to the question A5 (a difference statistically not significant). The positive answer to the question about a dry cough at night in the last 12 months (A6) was given by 24% of children and 11% of adolescents in the group "<200m", followed by 19% of children and 8% of adolescents in the group "200-500m", and respectively by 13% and 7% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 2) . Altogether, 20% of children versus 9% of adolescents answered "yes" to the question A6 (p<0.05).
The questions about nasal symptoms
The positive answer to the question about a problem with sneezing, or a runny, or a blocked nose ever in the past (R1) was given by 38% of children and 25% of adolescents in the group "<200m", followed by 30% of children and 22% of adolescents in the group "200-500m", and respectively by 24% and 22% in the group ">500m". In the 7 years old age group, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 3) . Altogether, 32% of children versus 23% of adolescents chose an answer "yes" to the question R1 (p<0.05).
The positive answer to the question about a problem with sneezing, or a runny, or a blocked nose in the last 12 months (R2) was given by 35% of children and 25% of adolescents in the group "<200m", followed by 28% of children and 21% of adolescents in the group "200-500m", and respectively by 23% and 21% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 3) . Altogether, 30% of children versus 23% of adolescents answered "yes" to the question R2 (p<0.05). The positive answer to the question about itchy-watery eyes in the last 12 months (R3) was given by 18% of children and 15% of adolescents in the group "<200m", followed by 12% of children and 13% of adolescents in the group "200-500m", and respectively by 9% and 11% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 3) . Altogether, 14% of children versus 13% of adolescents chose an answer "yes" to the question R3 (a difference statistically not significant). Finally, the positive answer to the question about hay fever ever in the past (R4) was given by 19% of children and 18% of adolescents in the group "<200m", followed by 15% of children and 16% of adolescents in the group "200-500m", and respectively by 13% and 14% in the group ">500m". In both age groups, the frequency of positive answers decreased significantly with the distance between responder's home and the closest major roadway (Fig. 3) . Altogether, 16% of children versus 17% of adolescents answered "yes" to the question R4 (a difference statistically not significant).
Children residing within 200 meters of a major roadway had increased odds of asthmatic symptoms (questions A1-A6) compared both to children residing 200-500 meters (odds ratio within the range 1.2-1.6) and to children residing more A3. In the last 12 months, has wheezing ever been severe enough to limit your speech to only one or two words at a time between breaths?
A5. In the last 12 months, has your chest sounded wheezy during or after exercise?
A6. In the last 12 months, have you had a dry cough at night, apart from a cough associated with a cold or a chest infection? than 500 meters from a major roadway (odds ratio within the range 2.0-5.7) (Tab. 2). A similar tendency was also noted in the group of adolescents (see Table 2 ). The 7 years olds living within 200 meters of a major roadway had increased odds of nasal symptoms (questions R1-R4) compared both to the 7 years olds residing 200-500 meters (odds ratio within the range 1.3-1.4) and to the 7 years olds residing more than 500 meters from a major roadway (odds ratio within the range 1.6-2.3) (Tab. 3). Again, a similar tendency was also noted in the group of adolescents (Tab. 3).
DISCUSSION
Traffic-related air pollutants are a composite mixture of nitrogen oxides, particulate matter including diesel exhaust particles (DEP), carbon monoxide, sulfur oxides and other volatile organic compounds. Chronic exposure to higher levels of inhaled vehiclerelated emissions has been demonstrated to promote airway sensitization by modulating the allergenicity of airborne allergens [17] and by enhancing the production of the inflammatory cytokines interleukin 6, interleukin 8, and granulocyte macrophage-colony stimulating factor [18, 19] .
Furthermore, some clinical studies have shown associations between traffic-related air pollution and aggravation of respiratory conditions, such as wheezing among asthmatic children [20, 21] . Ishizaki et al. described the influence of pollution from automobile exhausts on onset of pollinosis among the residents in a densely cultivated area [22] . In the well-designed survey, Brown et al. [23] demonstrated that the associations depend on a distance between a place of residence and a major roadway. These findings are in line with our observations, and they warrant further studies and validation in other populations.
In our survey, we found that children and adolescents with a residential proximity closer to a major roadway had more frequent asthma-related symptoms in the last 12 months (Fig.  2) and at any time in the past (Fig. 1) . Responders who resided within 200 meters of a major roadway had the highest rate of positive answers, followed by responders residing 200-500 meters, and further than 500 meters from a major roadway. This trend was observed for all questions about asthmatic symptoms (A1-A6) and was statistically significant. Our observations correspond to the results of a study conducted by Dales et al. [19] . They found that asthma related airway inflammation, was significantly related to increased roadway density within a 200-meter buffer area around a neighborhood. Similarly, other studies suggest that the concentration of DEP may be highest within 150 meters of a roadway [20] , whereas no significant associations between roadway proximity and asthmatic symptoms were observed for subjects who lived further than 417 meters from a major roadway [23] .
Consistent with the increased frequency of wheezing, a dry cough at night or whistling in the chest, responders residing within 200 meters had more often problems with sneezing, runny or blocked nose accompanied by itchy-watery eyes and hay fever (the questions R1-R4) in comparison to responders who resided 200-500 meters from a major roadway. The lowest rate of nasal symptoms was observed in residents living in the distance to major roads (> 500 meters) (Fig. 3) . Again, the observed trend was statistically significant for all questions about nasal symptoms, apart from the question R1 in adolescents. Long-term exposure to air pollution was demonstrated to be associated with small airway remodeling, followed by lower respiratory tract symptoms [26] , while nasal symptoms, such as sneezing, rhinorrhea or nasal congestion were studied to a lesser extent [27] . Our results confirm that upper respiratory tract is considerably affected by air pollution exposure, as well.
When comparing age groups, we found a higher rate of positive answers to all questions, except the questions R3 and R4, in younger children. This difference can be explained by the smaller airway caliber in infancy, which was reported as an increasing risk for wheezing [28] . However, it is important to note that responders may have had higher or lower traffic exposures due to not only residential addresses but also addresses of day care facilities and schools. Younger children are expected to spend more time at home than adolescents, thus a residential address may have a higher impact on answers of children than adolescents. Finally, a possible explanation for the higher symptoms rates in the younger group might be a bias due to the method of collecting data. The 16 year olds were answering the questionnaire on their own, while the questionnaires for the 7 year olds were filled in by their parents, who might keep more recent memory of their children's symptoms.
We consider that strength of the study design was the large sample size, therefore a selection bias due to the distribution of potential confounders (e.g. unmeasured environmental factors and socio-cultural factors, such as family income and education level) may be more likely ruled out. Krakow is plagued by some of highest numbers of smog alert days in Poland, as well as heavy traffic, so we found it the appropriate place for this study. From a practitioner's point of view, it would be interesting to know how many times proximity to areas of high motor vehicle traffic increases the frequency of evaluated symptoms. We were able to pinpoint that responders who 3) in comparison to other responders. For instance, the frequency of severe wheezing in the last 12 months (the question A3) was almost 6 times higher in the group "<200m" compared to the group ">500m" of the 7 year olds. As a matter of fact, this study does have its limitations. One should take into consideration that traffic density was assessed subjectively by responders and was not measured with objective method. Thus, we used self-reported traffic density, and self-reported health outcomes. However, traffic density and traffic-related air pollution were not directly measured, other studies have shown the distance to a major roadway to be a useful approximation of traffic-related air pollutant exposure [29, 30] . The assessment of respiratory symptoms was based on questionnaire reports only, but the questionnaire was previously widely used to define respiratory outcomes in epidemiologic studies in children [16] .
CONCLUSIONS
In summary, this study has shown that children and adolescents residing closer to a major roadway have an increased frequency of upper and lower respiratory tract symptoms, therefore living close to roadways with heavy traffic is a risk factor for developing symptoms of allergic respiratory diseases. Our findings further suggest an important spatial relationship between the distance from a major roadway and the evaluated respiratory symptoms. The results of this study emphasize the need for more comprehensive air quality policies within urban areas with increased motor vehicle density.
